Inositol 1,4,5-trisphosphate (1,4,5-IP3) is one of the major intracellular messenger molecules in signal transduction and is associated with the regulation of intracellular calcium (1) . The importance of 1,4,5-IP3 in cellular signaling has led to the examination of the numerous other myo-inositol phosphates in cells, whose functions are less clear. Of these inositol metabolites, inositol hexakisphosphate (IP6) is the most abundant, with concentrations in mammalian tissues 10-100 times greater than those of IP3. The high concentration of IP6 (15-60 ,JM) (2, 3) is presumed to be compartmentalized within the cell (4, 5) with at least 80% of IP6 in releasable cytosolic pools (6) .
In plants, IP6 acts as an antioxidant (7) and phosphate store (8) . In humans, dietary IP6 from cereals and legumes is associated with decreased iron absorption (9) and lowered cancer rates (10) . In cells, IP6 may act as a siderophore (11, 12) and thus block iron-mediated oxidative damage (13) . IP6 also interacts with several proteins that regulate endocytosis (14) (15) (16) (17) (18) , synaptic vesicle trafficking (19) (20) (21) , and receptor desensitization (22) .
IP6 was thought to be the metabolic endpoint of myo-inositol metabolism, but recently inositol pyrophosphates that have seven and eight phosphates associated with the inositol ring have been identified and are termed diphosphoinositol pentakisphosphate (PP-IPs) and bis(diphospho)inositol tetrakisphosphate (bis-PP-IP4) (23) (24) (25) . In PP-IP5, the pyrophosphate occurs at the 1 position, and in bis-PP-IP4, the two pyrophosphates are at the 1 and 2 or 1 and 4 positions (25) . The functions of the inositol pyrophosphates have been difficult to demonstrate. We now report purification to homogeneity of an IP6 kinase and demonstration that this enzyme has an ATP synthase activity, implying that the inositol pyrophosphates function as high-energy phosphate donors.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 (27) (Fig. 1) . The elution profile of the enzyme from the gel filtration column is consistent with a (Fig. 3) .
The reaction is highly selective for ADP as GDP, CDP, and UDP are ineffective (Fig. 3) . Also (25) . Sequential hydrolysis of the phosphate esters of IP6 has shown that the apparent AH of the C-1 monophosphate ester of IP6, -4 kcal/mol, is higher than that of any of the other positions tested (38) . [The C-2 position was not accessible but is thought to possess a higher energy because of charge repulsion (39)]. A pyrophosphate linkage at the C-1 position may possess an even higher AH. The bond energy of the P--O-P linkage in PP-IPs has been predicted to be -6.6 kcal/mol, similar to ADP (25) . The (14, 15) . PP-IP5 and IP6 also bind with high affinity and specificity to the clathrin assembly protein AP-3 (16, 17) , Golgi coatomer (18) , and yeast coatomer (26 (49) .
Hydrolysis of the high-energy phosphate bonds of ATP and GTP also drive vesicle uncoating, docking, and fusion events, providing a directional regulatory switch (50) . Misassembly of coated pits (51, 52) and functional differences in coat proteins isolated from assembled vs. unassembled pools (53) indicate a regulatory switch in coat assembly (50, 54) . IP6 inhibits AP-2 self-assembly, AP-2 binding to clathrin, and clathrin coat assembly (55) . IP6 and PP-IP5 also inhibit AP-3 (16, 17) and coatomer-mediated clathrin coat assembly in vitro (26) 
